The title compound, C 28 H 32 N 2 , (I), is one of a second generation of compounds designed and synthesized based on a very potent and selective 910 nicotinic acetylcholine receptor antagonist ZZ161C {1,1 0 -[[1,1 0 -biphenyl]-4,4 0 -diylbis-(prop-2-yne-3,1-diyl)]bis(3,4-dimethylpyridin-1-ium) bromide}, which has shown analgesic effects in a chemotherapy-induced neuropathy animal model. Compound (I) was synthesized by the reaction of 4,4 0 -bis(3-bromoprop-1-yn-1-yl)-1,1 0 -biphenyl with piperidine at room temperature in acetonitrile. The singlecrystal used for X-ray analysis was obtained by dissolving (I) in a mixture of dichloromethane and methanol, followed by slow evaporation of the solvent. In the crystal of (I), the biphenyl moiety has a twisted conformation, with a dihedral angle of 25.93 (4) between the benzene rings. Both piperidine head groups in (I) are in the chair conformation and are oriented so that the N-atom lone pairs of each piperidine group point away from the central biphenyl moiety.
Chemical context
The 910 nicotinic acetylcholine receptor is a novel therapeutic target with potential significance for pain management. Previous studies have shown that antagonism of the 910 nAChR by the non-peptide small molecule, ZZ161C {10-[(1,1 0 -biphenyl)-4,4 0 -diyl bis(prop-2-yne-3,1-diyl)]bis(3,4-dimethylpyridin-1-ium) bromide} produced analgesia in the vincristine-induced neuropathic pain model in rats (Zheng et al., 2011; Wala et al., 2012) . In order to improve the drug-like and pharmacokinetic properties of ZZ161C, the title compound (I) was designed and synthesized. Compound (I) is a biphenyl system with ethynyl appendages at the 4 and 4 0 positions, as in ZZ161C, but the terminal aza-aromatic rings have been replaced by piperidine moieties. Single-crystal X-ray analysis of compound (I) was used to determine the structural conformation of the compound.
Structural commentary
The title compound (I) is shown in Fig. 1 . X-ray crystallographic study was conducted in order to determine the geometry of the biphenyl system as well as to obtain detailed information about the conformation of the terminal piperidine groups. In compound (I), the biphenyl rings (C9-C14) and (C15-C20) are non-coplanar, with a dihedral angle of 25.93 (4) between them. The torsion angles of the ethynyl groups between the planes of the phenyl rings and the piperidine ring N atoms are 167.49 (9) and 34.01 (12) (defined by atoms N1/C6/C9/C10, N2/C23/C18/C19, respectively). The lone pair on each N atom is oriented away from the biphenyl core of the molecule.
Supramolecular features
Aside from weak van der Waals interactions, there are no noteworthy intermolecular contacts in (I). The molecules pack into layers in the ab plane bounded top and bottom by piperidine groups, which in turn stack along c.
Database survey
A search of the November 2014 release of the Cambridge Structure Database (Groom et al., 2016) , with updates through May 2015, using the program Mogul (Bruno et al., 2004) for 4,4 0 -substituted biphenyl fragments was conducted. The search was restricted to purely organic, solvent-free structures with R <5% and Cl as the heaviest element. There were over 1000 hits, which produced a bimodal distribution of biphenyl torsion angles with a tight peak at 0 and a broader peak centred at 30
. Therefore the biphenyl torsion angle in (I) is not unusual.
Synthesis and crystallization
Synthetic procedure: The intermediate 4,4 0 -bis(3-bromoprop-1-yn-1-yl)-1,1 0 -biphenyl (Wan et al., 2015) was obtained utilizing a previously reported procedure; compound (I) was synthesized by reacting piperidine with this intermediate.
To a suspension of 4,4 0 -bis(3-bromoprop-1-yn-1-yl)-1,1 0 -biphenyl (100.0 mg, 0.26 mmol) in acetonitrile (7 mL), piperidine (66.4 mg, 0.78 mmol) was added at room temperature and the mixture was stirred continuously for 2 h, resulting in the formation of compound (I). Acetonitrile was removed under vacuum and the mixture was partitioned between water (50 mL) and dichloromethane (50 mL). The dichloromethane layer was collected and dried over anhydrous sodium sulfate. Sodium sulfate was removed by filtration, and the filtrate containing crude (I) was concentrated and purified by column chromatography (dichloromethane/methanol) to afford pure compound (I) in 80% yield.
Crystallization: Light-yellow crystals of compound (I) suitable for X-ray analysis were grown in a mixture of dichloromethane and methanol (2:1) by slow evaporation of the solvent at room temperature over a period of 24 h. 07, 132.35, 126.91, 122.54, 85.25, 53.56, 48.62, 25.93, 23 .93 ppm.
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 1 . H atoms were found in differenceFourier maps, but subsequently included in the refinement using riding models, with constrained distances set to 0.94 Å (Csp 2 -H) and 0.98 Å (R 2 -CH 2 ). U iso (H) values were set to 1.2U eq of the attached carbon atom. Computer programs: APEX2 and SAINT (Bruker, 2006) , SHELXS (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) , SHELXTL and XP in SHELXTL (Sheldrick, 2008) and CIFFIX (Parkin, 2013) .
Figure 1
The molecular structure of (I), with ellipsoids drawn at the 50% probability level. (Sheldrick, 2015) ; molecular graphics: XP in SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: SHELXTL (Sheldrick, 2008) and CIFFIX (Parkin, 2013) . 
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Special details
Experimental. The crystal was mounted using polyisobutene oil on the tip of a fine glass fibre, which was fastened in a copper mounting pin with electrical solder. It was placed directly into the cold gas stream of a liquid-nitrogen based cryostat (Hope, 1994; Parkin & Hope, 1998) . At 90K the diffraction pattern showed some diffuse scatter and the Bragg diffraction spots were fuzzy. Visual inspection of crystal integrity and diffraction quality vs temperature established a safe temperature for data collection of -63° C. Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement progress was checked using Platon (Spek, 2009 ) and by an R-tensor (Parkin, 2000 
